Abstract Toxic inorganic arsenic (iAs) has been reported to be present in high quantity in rice and rice-based products. The inorganic arsenic contents in infant foods (n = 59) of ready-to-cook infant rice powders and infant rice snacks marketed in Korea were determined by a highly sensitive gas chromatography-tandem mass spectrometry (GC-MS/MS). The mean iAs contents in the infant rice powder and infant rice snacks were 65.6 and 54.0 μg/kg, respectively. The percentages of rice powders and rice snack containing iAs over the maximum level (100 μg/kg) set by EU for the infant foods were found to be 21, and 6%, respectively. This result clearly suggested that regulation regarding the maximum limit of iAs levels for the baby rice products is urgently needed to be set in Korea. This represents the first report on the iAs levels in ready-to-cook infant rice powder products and infant snacks marketed in Korea.
Introduction
Arsenic is a metalloid ubiquitously present in the environment including soil and waters. Arsenic in the environments is absorbed into plant crops, easily incorporating into the food chain. Rice contains significantly higher levels of arsenic species compared to the other important crops [1] [2] [3] . Inorganic arsenic (iAs) as well as organic arsenic (dimethylarsinic acid and monomethylarsonic) are the main arsenic species present in rice [4, 5] . iAs has been reported to be highly toxic and associated with the increased risk of certain type of cancer such as skin, lung, and bladder cancers. International Agency for Research on Cancer has classified iAs as a group 1 carcinogen [6] . However, common organoarsenic species are far less toxic. Thus, only the iAs contents in rice and ricebased foods is of great concern [7, 8] . South Korea and China have set the legislations in place for the maximum levels (MLs) (200 and 150 μg/kg, respectively) of iAs in polished rice. European Union (EU) has also established a legislation (as effective on January 2016) on the maximum levels for iAs in rice and rice products [9] .
Infants and children are particularly susceptible to the toxic effects of iAs [10] . Early-life exposure to fairly low levels of iAs is associated with increased infant morbidity, mortality, and impaired child development during pregnancy [11] [12] [13] . In Korea, rice-based infant product is particularly a dominant carbohydrate source to weaning infants due to its high nutritional value, low allergen potential, absence of gluten, convenience for cooking, and strong gastronomic cultural background. This is an increasingly recognized concern due to the higher food consumption per body weight and narrower diversity of their diet sources compared to adults. In 2016, US FDA proposed an iAs threshold action level (100 μg/kg) in rice for the infant foods [14] . A regulation on maximum level of iAs in infant and children's foods (100 μg/kg) has been recently established in EU [9] . The iAs levels in rice and rice-based infant products in several different countries have been reported [1, [15] [16] [17] [18] [19] . There are several published papers on the iAs content in Korean white rice and rice products for adult consumption [20] [21] [22] [23] . There is an internal project report conducted by Korean Food & Drug Administration regarding the iAs levels in cereal based infant formula (mixture of various grains and sorghums) available in Korea [24] . However, the iAs levels in readyto-cook infant rice powders and infant rice snacks marketed in Korea have never been previously reported. Thus, monitoring the iAs levels in popular infant foods marketed in Korea such as ready-to-cook rice powder products and infant rice snacks is urgently needed to secure the safety of the infants, especially those with heavy dependency on these products.
High performance liquid chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS), selective hydride generation-inductively coupled plasma mass spectrometry (HG-ICP-MS), HG-atomic absorption spectrometry (HG-AAS), HPLC-hyphenated with atomic absorption spectrometry (AAS) or atomic fluorescence spectrometry (HPLC-AFS) has been successfully introduced to analyze the arsenic species with a main focus on the analysis of iAs [1, 5, [25] [26] [27] [28] . Recently, in our laboratory, a highly selective and sensitive gas chromatographytandem mass spectrometry in combination with one step derivatization with British Anti-Lewisite (BAL) was successfully developed and validated for the determination of iAs content in rice and rice products [20] .
The objective of this research was to determine the contents of toxic iAs in rice based infant foods (n = 59) of ready-to-cook infant rice powder and infant rice snack marketed in Korea by a highly sensitive GC-MS/MS method following one step derivatization with British AntiLewisite (BAL), which was successfully developed and validated previously in this laboratory. In this study, the analytical method was once again validated for the analysis of iAs in the infant rice powder and rice-based infant snack samples.
Materials and methods

Materials and reagents
Sodium arsenite solution (NaAsO 2 ) and disodium hydrogen arsenate heptahydrate (Na 2 HAsO 4 ·7H 2 O) were obtained from Merck KGAA (Darmstadt, Germany) and Waco (Tokyo, Japan), respectively. Dimercapto-1-propanol (BAL, C 3 H 8 OS 2 ) and dichloromethane (HPLC grade) were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Ultra-pure nitric acid (70%, w/v) was obtained from Dongwoo Whain Co (Iksan, Korea). Deionized water obtained with Millipore Water Treatment System (Bedford, MA, USA) was used for the extraction and the preparation of sample and reagents. Derivatization reagent (BAL solution, 0.2%, w/v) was prepared by dissolving the dimercapto-1-propanol in deionized water. Stock standard solutions (1.0 mg/mL) of As(III) and As (V) were prepared in 0.28 M HNO 3 solution (m/v). Working standard solutions with the concentration range of 0.2-200 ng/mL were prepared by a serial dilution of the stock standard solutions with 0.28 M HNO 3 solution. Ready-to-cook infant rice powder (n = 28) and infant rice snacks (n = 31, puffed-type rice snacks) were randomly purchased from the local or online markets. Standard Reference Material (SRM) ERM-BC211 rice powder was purchased from the Institute for Reference Materials and Measurements (IRMM, Geel, Belgium).
Extraction of iAs from samples
Infant rice snack samples were ground with a food grinder (FM909T, Hanil Electric Co., Seoul, Republic of Korea) and passed through a standard sieve (250 μm) to obtain fine homogeneous powder. Since the ready-to-cook rice products were very fine powder, the products were directly used as samples for the iAs extraction. The sample (2.0 g) and 1.764% HNO 3 solution (w/v) (20 mL) were transferred, in triplicate, into a 50 mL-capacity polypropylene tube. Then, the extraction of iAs in the samples was performed in a water-bath at 95°C for 90 min according to the previous report [29] .
Derivatization
The sample solution (1 mL) and derivatization reagent (1.2 mL, 0.2% BAL solution) were transferred into a 10 mL-capacity glass tube. Then, derivatization was conducted in the water bath at 50°C for 30 min according to our previous reports [20, 21] . The iAs-BAL complex was extracted with dichloromethane (1 mL). The collected dichloromethane layer was used for the analysis of iAs.
GC-MS/MS operation
A GC-MS/MS operation conditions were adopted from the previous report [21] with slight modification. A GC-MS system comprising of a GC (2010Plus, Shimadzu, Tokyo, Japan) and triple quadrupole mass spectrometer (TQ8030, Shimadzu) was used. The temperatures of injector, mass selective detector (MSD) transfer line, and ion-source were 300, 280, and 280°C, respectively. The column used was a short non-polar capillary column (SLB-5MS, 6 m 9 0.18 mm I.D., 0.18 µm film thickness, Supelco, Bellefonte, PA, USA). Sample injection volume was 1 mL. A programed oven temperature (initial temperature of 50°C for 0.5 min at the gradient rate of 240°C/min to 310°C with 0.6 min holding time at the final oven temperature) was used for the GC operation. The linear velocity of carrier gas (helium) was 114.7 cm/sec. The quantitative transition and qualitative transitions (m/z 212 [ 165 at collision induced dissociation energy (CIDE) 15 V and m/z 212[107 at CIDE 35 V, respectively) were also adopted from the previous reports [20, 21] . For confirming the identity of iAs peak in gas chromatograms, the ratio of quantitative transition to the quantitative transition was also monitored.
Standard addition method for quantification
Standard addition method with two point spiked levels was applied for the the quantification of iAs [20, 21, 30] . The two additional spiked As(III) levels were 10.0, and 30.0 ng/ mL. The iAs concentration originally present in the rice extract was calculated by extrapolation from the standard addition calibration curve obtained with spiked samples [30] . All samples were prepared and analyzed in triplicate.
Method validation
For the method validation, linearity of calibration curves, limit of detection (LOD), limit of quantification (LOQ), precision and accuracy of the analytical method was studied. The LOD and LOQ were calculated as the amounts of iAs injected that gave 3 and 10 of signal to baseline nose ratio (S/N), respectively. Repeated analysis (10 times) of the iAs standard solutions at three different concentrations (1, 5, and 25 ng/mL) were conducted to monitor the intraday repeatability. Inter-day repeatability of the GC-MS/MS method was studied by repeatedly conducting the analysis of the samples (ready-to-eat rice and infant snacks) for the 4 different dates (triplicate analysis per sample per day). The accuracy of the method was tested by studying the recovery of the spiked iAs levels in ready-toeat rice products (n = 2) and rice samples (n = 4) at three different levels. The accuracy of the method was further confirmed with standard reference material ERM BC-211 rice flour.
Statistical analysis
Analysis of variance (ANOVA) and Tukey's multiple range test (a Post-hoc test) were conducted to monitor the statistical significance of the iAs contents between the sample groups (rice powder and rice snack) at α = 0.05 by using a SPSS statistical analysis program (SPSS 14.0 K, SPSS, Chicago, IL, USA).
Results and discussion
Method validation
Representative gas chromatograms for ready-to-cook infant rice powder and infant rice snack are shown in Fig. 1 . The total gas chromatographic operation time was 2.5 min with the retention time of iAs peak at 1.72 min (Fig. 1) . As shown in Fig. 1 , no considerable interference was observed for the analysis of iAs in all the sample matrices studied. The high selectivity may be due to the double mass filter system of tandem mass spectrometry. The analytical calibration curves for As(III) and As(V) with excellent linearity (r 2 [ 0.999) were obtained (Table S1 ). The LOD (0.015 pg) and LOQ (0.05 pg) obtained in the present study was the same as those of our previous data [21] , further confirming its high sensitivity (Table S1 ). The LOD and LOQ levels in samples equates to 0.15 and 0.5 μg/kg, respectively. Relative standard deviation (RSD) of the intra-day (≤ 6.5%) and inter-day repeatability (≤ 8.3%) also doubly confirmed the high precision of the applied method (Tables S2 and S3 ). The recoveries of the iAs in the spiked infant rice powders (n = 2) and infant rice snack samples (n = 2) were close to the 100% with the range of 94-119% (Table S4 ). The analyzed iAs levels in ERM-BC211 rice flour was 120 ± 3.1 μg/kg, which was 94% accuracy of its certified value of 124 ± 11 μg/kg (data not shown).
Inorganic arsenic levels in ready-to-cook infant rice powder and infant rice snacks
The iAs contents in ready-to-cook infant rice powder products and infant rice snacks are shown in Fig. 2 . The mean iAs content in the ready-to-cook infant rice products marketed in Korea was 65.7 μg/kg with the range of 11.0-187.3 μg/kg and median value of 59.97 μg/kg (Fig. 2) . The results clearly showed that the iAs content greatly varied with products, showing 17 fold variation in iAs level with different brand. This study also showed that high percentage (21%) of ready-to-cook rice products was not appropriate for the infant and young children foods according to the iAs maximum level (100 μg/kg) set by EU. It was noteworthy that the iAs level of one of the products was 187.3 μg/kg, which was even over the maximum legislative level (150 μg/kg) set for adult consumption in China. The mean iAs content in the infant snacks marketed in Korea was 54.0 μg/kg with the range of 15.9-120.9 μg/kg and median value of 45.3 μg/kg (Fig. 2) . Among the 31 infant snack samples, two contained the iAs Intensity Fig. 1 Representative gas chromatograms for standard iAs solutions (0.1 and 100 ng/mL), ready-to-cook infant rice powder, and rice-based infant snack analyzed by a gas chromatography-tandem mass spectrometry over 100 μg/kg, the maximum level set for infant by EU.
Early life exposure to iAs is of particular concern due to the high susceptibility of its toxic effects, which may induce, even at low to moderate levels of exposure, considerable impact throughout the lifespan [10, [31] [32] [33] . In Korea, ricebased infants product is a predominant carbohydrate source to weaning infants due to its high nutritional value, low allergen potential, absence of gluten, convenience for cooking, and strong Korean gastronomic culture. This is an increasingly recognized concern due to the higher food consumption per body weight and narrower diversity of their diet sources compared to adults. Thus, the information on the iAs level in the ready-to-cook infant rice products marketed in Korea is urgently required to secure the safety for the Korean infants. There are several published reports on the iAs contents in various types of Korean rice and microwavable ready-to-eat rice products [20] [21] [22] [23] . There was an internal project report conducted by Korean Food & Drug Administration regarding the iAs levels in cerealbased infant formula (mixture of various grains and sorghums along with various food additives) available in Korea [24] . Unfortunately, however, the iAs content in the ready-to-cook infant rice powders has never been previously published. The iAs levels in infant rice products in this present study were lower than those in infant cereals marketed in Spain. The iAs contents in 9 infant cereal products marketed in Spain has been reported to be in range from 8.1 to 73.7 μg/kg with a mean value of 23.0 μg/ kg [34] . However, the iAs contents in infant rice products in present study were lower than those in the rice-based infant cereals reported in other studies [15, 16, 18, [34] [35] [36] [37] . The higher percentage of rice in the infant cereal showed the higher iAs contents in the products [34] . It has been reported that the total As content in pure rice-based infant cereal was an order of magnitude higher than the non-ricebased infant cereals [34] . The iAs concentration in 29 baby rice from UK market has been reported to range from 56 to 268 μg/kg [1] . In September 2013, the US Food and Drug Administration (US FDA) released analytical results of iAs levels a large number (approximately 1100 samples) of rice and rice products from the US market, including 85 samples of baby rice under the product subcategory of infant cereals and toddler cereals [38] . The median iAs value in baby rice from the USA market is 114 μg/kg with a range of 39-254 μg/kg. The present results showed that the iAs contents in infant rice powder and infant snacks was lower than those from USA market. These present results are also lower than the 17 samples of baby rice obtained in the city of Aberdeen, UK, and reported a median iAs content of 110 μg/kg [15] . In a brief summary, it was found that considerably high percentage (21%) of ready-to-cook infant rice products contained the iAs higher than the maximum allowed level (100 μg/kg) for the infant and young children foods set by EU. Furthermore, 2 out of 31 infant rice snacks were also contained iAs higher than the maximum legal level set for infant and young children's food by EU. The relatively high iAs contents in infant rice powders and snacks may pose a health risk for infants and young children in Korea. There are currently no regulations applicable to iAs levels in infant foods in Korea. Since infants at the very early stage of life are especially vulnerable to the toxicity of iAs, this study warrants the urgent needs for regulatory limit set and continuous monitoring on iAs levels in rice-based infant foods in Korea. Inorganic arsenic in infant rice and rice-based infant snack 621
